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to achieve the object, radio resources are assigned in
different orders between one radio communication and
another one radio communication.
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Description

Technical Field

[0001] The present invention relates to a radio com-
munications system and a radio communications meth-
od, and particularly to a technique for simplifying device
configuration.

Background Art

[0002] Conventionally, in multi-carrier radio communi-
cations using a plurality of subcarriers, a mobile station
sends, prior to data transmission, a request for permis-
sion to transmit data, by using a contention channel to
the base station, and acquires a subcarrier after receiving
permission. As to the contention channels, some
schemes are proposed for avoiding collisions of pieces
of contention data sent from a plurality of mobile stations,
including a scheme that assigns time slots to individual
mobile stations, and a scheme that divides the contention
data into preamble and message sections, such that a
mobile station sends the message section after having
confirmed radio resource availability by receiving ACK/
NACK etc. as a response to the preamble section (W-
CDMA scheme). Such a scheme is disclosed in Non-
Patent document 1, for example.
[0003] Also, Patent Document 1 discloses a scheme
for avoiding collisions of pieces of contention data sent
from a plurality of mobile stations, which divides data
messages for every OFDM tone, and also assigns time
slots for reception.
[0004] Patent Document 1: Japanese Patent Applica-
tion Laid-Open No. 2001-211189.

Non-Patent Document 1: "W-CDMA Mobile Commu-
nications System" supervised by Keiji Tachikawa
and published by Maruzen Company, Limited, June
2001, pp. 130-134. In Non-Patent Document 1, di-
viding the contention data into preamble and mes-
sage sections requires complicated control, and thus
requires complicated device configuration.

[0005] The technique of Patent Document 1 also re-
quires complicated control in order to separately manage
the time slots so as to avoid collisions of contention chan-
nels, and thus also requires complicated device config-
uration

Disclosure of the Invention

[0006] The present invention has been made to solve
the problems, and an object of the present invention is
to provide a radio communications system and a radio
communications method that are capable of readily re-
ducing the rate of collisions of contention channels.
[0007] A first aspect of the radio communications sys-
tem of the present invention is directed to a radio com-

munications system capable of performing a plurality of
radio communications by using a plurality of radio re-
sources, wherein the radio resources are assigned in dif-
ferent orders between one radio communication and an-
other one radio communication.
[0008] According to the first aspect of the radio com-
munications system of the present invention, it is possible
to readily reduce the collisions of contention channels.
[0009] A second aspect of the radio communications
system of the present invention is directed to a radio com-
munications system capable of performing a plurality of
radio communications by using a plurality of subcarriers,
wherein, among the plurality of subcarriers, a subcarrier
having a relatively high communication quality is prefer-
entially used as a subcarrier used for one radio commu-
nication.
[0010] According to the second aspect of the radio
communications system of the present invention, it is
possible to readily reduce the collisions of contention
channels.
[0011] A third aspect of the radio communications sys-
tem of the present invention is directed to a radio com-
munications system capable of performing a plurality of
radio communications by using a series of subcarriers in
which a plurality of subcarriers are arranged in the fre-
quency domain, wherein, in the series of subcarriers, a
series of resource subcarriers, in which resource subcar-
riers used as radio resources in one radio communication
are arranged in the frequency domain, is designated on
the basis of a group of given parameters and a given
operational expression.
[0012] According to the third aspect of the radio com-
munications system of the present invention, it is possible
to reduce the amount of information to be transmitted
about the combination of assigned radio resources.
[0013] A fourth aspect of the radio communications
system of the present invention is directed to a radio com-
munications system capable of performing a plurality of
radio communications by using a series of subcarriers in
which a plurality of subcarriers are arranged in the fre-
quency domain, wherein, in the series of subcarriers, a
series of resource subcarriers, in which resource subcar-
riers used as radio resources for one radio communica-
tion are arranged in the frequency domain, includes a
second series of resource subcarriers and a third series
of resource subcarriers in which bandwidths of subcar-
riers are different from each other.
[0014] A first aspect of the radio communications
method of the present invention is directed to a radio
communications method capable of performing a plural-
ity of radio communications by using a plurality of radio
resources, wherein the radio resources are assigned in
different orders between one radio communication and
another one radio communication.
[0015] According to the first aspect of the radio com-
munications method of the present invention, it is possi-
ble to readily reduce the collisions of contention chan-
nels.
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[0016] A second aspect of the radio communications
method of the present invention is directed to a radio
communications method capable of performing a plural-
ity of radio communications by using a plurality of sub-
carriers, wherein, among the plurality of subcarriers, a
subcarrier having a relatively high communication quality
is preferentially used as a subcarrier used for one radio
communication.
[0017] According to the second aspect of the radio
communications method of the present invention, it is
possible to readily reduce the collisions of contention
channels.
[0018] A third aspect of the radio communications
method of the present invention is directed to a radio
communications method capable of performing a plural-
ity of radio communications by using a series of subcar-
riers in which a plurality of subcarriers are arranged in
the frequency domain, wherein, in the series of subcar-
riers, a series of resource subcarriers, in which resource
subcarriers used as radio resources in one radio com-
munication are arranged in the frequency domain, is des-
ignated on the basis of a group of given parameters and
a given operational expression.
[0019] According to the third aspect of the radio com-
munications method of the present invention, it is possi-
ble to reduce the amount of information to be transmitted
about the combination of assigned radio resources.
[0020] A fourth aspect of the radio communications
method of the present invention is directed to a radio
communications method capable of performing a plural-
ity of radio communications by using a series of subcar-
riers in which a plurality of subcarriers are arranged in
the frequency domain, wherein, in the series of subcar-
riers, a series of resource subcarriers, in which resource
subcarriers used as radio resources for one radio com-
munication are arranged in the frequency domain, in-
cludes a second series of resource subcarriers and a
third series of resource subcarriers in which bandwidths
of subcarriers are different from each other.
[0021] According to the fourth aspect of the radio com-
munications method of the present invention, it is possi-
ble to perform communication with reduced interference.
[0022] Objects, features, aspects and advantages of
the present invention will become more apparent from
the following detailed description and the accompanying
drawings.

Brief Description of the Drawings

[0023]

[FIG. 1] A diagram illustrating frequency bands in a
radio communications system according to a first
preferred embodiment.
[FIG. 2] A diagram illustrating priorities in the radio
communications system of the first preferred embod-
iment.
[FIG. 3] A diagram illustrating frequency bands in the

radio communications system of the first preferred
embodiment.
[FIG. 4] A block diagram illustrating the functions of
a base station in the radio communications system
of the first preferred embodiment.
[FIG. 5] A block diagram illustrating the functions of
a mobile station in the radio communications system
of the first preferred embodiment.
[FIG. 6] A block diagram illustrating the functions of
a demodulator block in the radio communications
system of the first preferred embodiment.
[FIG. 7] A diagram illustrating the priorities of sub-
carriers in the radio communications system of the
first preferred embodiment.
[FIG. 8] A diagram illustrating the priorities of sub-
carriers in the radio communications system of the
first preferred embodiment.
[FIG. 9] A diagram illustrating the priorities of sub-
carriers in the radio communications system of the
first preferred embodiment.
[FIG. 10] A block diagram illustrating the functions
of a base station in the radio communications system
of the first preferred embodiment.
[FIG. 11] A diagram illustrating the assignment of
subcarriers in a radio communications system ac-
cording to a second preferred embodiment.
[FIG. 12] A diagram illustrating the assignment of
subcarriers in the radio communications system of
the second preferred embodiment.
[FIG. 13] A diagram illustrating the assignment of
subcarriers in the radio communications system of
the second preferred embodiment.
[FIG. 14] A block diagram illustrating the functions
of a base station in the radio communications system
of the second preferred embodiment.
[FIG. 15] A flowchart illustrating the operation of the
base station of the second preferred embodiment.
[FIG. 16] A block diagram illustrating the functions
of a base station in a radio communications system
according to a third preferred embodiment.
[FIG. 17] A block diagram illustrating the allocation
of channels in the radio communications system of
the third preferred embodiment.
[FIG. 18] A diagram illustrating a first example of the
designation of subcarriers in the radio communica-
tions system of the third preferred embodiment.
[FIG. 19] A diagram illustrating a second example of
the designation of subcarriers in the radio commu-
nications system of the third preferred embodiment.
[FIG. 20] A diagram illustrating a third example of
the designation of subcarriers in the radio commu-
nications system of the third preferred embodiment.
[FIG. 21] A diagram illustrating the designation of
subcarriers in a radio communications system ac-
cording to a fourth preferred embodiment.
[FIG. 22] A block diagram illustrating the functions
of a base station in the radio communications system
of the fourth preferred embodiment.
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[FIG. 23] A block diagram illustrating the functions
of a base station in the radio communications system
of the fourth preferred embodiment.

Best Mode for Carrying out the Invention

[0024] Now, the preferred embodiments of the present
invention will be described in detail referring to the draw-
ings. The description below mainly shows examples in
which subcarriers of FDM (including OFDM) are used as
radio resources by which a plurality of mobile stations
perform radio communication with a base station in a
one-to-one manner, but the radio resources are not lim-
ited to FDM subcarriers, but can be time slots of TDM or
codes of CDMA, for example.

(First Preferred Embodiment)

[0025] FIGS. 1 and 2 are schematic diagrams illustrat-
ing the operation of a radio communications system (a
radio communications method) according to a first pre-
ferred embodiment. FIG. 1 shows an example in which
subcarriers f1 to f8 are frequency bands of the FDM. The
subcarriers f1 to f8 are assigned by a single base station
to a plurality of mobile stations that are subordinate to
the base station. In this specification, it is assumed that
the subcarriers fn (n: an integer) have unique subcarrier
numbers "n", and that the subcarrier numbers are as-
signed in ascending order from the lowest frequency to
the highest frequency in the frequency domain.
[0026] In FIG. 2, a plurality of mobile stations are clas-
sified into two kinds of user groups A and B, and the user
groups A and B are respectively assigned the priorities
of the subcarriers f1 to f8. The user groups A and B are
classified on the basis of information like user IDs unique
to the mobile stations, their telephone numbers, etc.
Smaller numbers in FIG. 2 indicate higher priorities. In
FIG. 2, the priorities assigned to the user group A become
lower from the subcarrier f1 to the subcarrier f8 (i.e. the
priority becomes lower as the frequency becomes high-
er), and the priorities assigned to the user group B be-
come higher from the subcarrier f1 to the subcarrier f8.
In this way, the subcarriers f1 to f8 are assigned in such
a way that the priorities differ between the user groups
A and B, whereby the occurrence of collisions of conten-
tion channels is reduced in transmission of contention
data from the mobile stations.
[0027] For example, when three radio resources (sub-
carriers) are used for transmission of one piece of con-
tention data (in other words, when one contention chan-
nel occupies three radio resources) and one mobile sta-
tion belonging to the user group A and one mobile station
belonging to the user group B attempt to communicate
with one base station, then the mobile station belonging
to the user group A uses the subcarriers f1 to f3, and the
mobile station belonging to the user group B uses the
subcarriers f6 to f8, so that no collision occurs between
the contention channels. In this way, the priorities for the

subcarriers are assigned differently between a mobile
station belonging to one user group and a mobile station
belonging to the other user group, whereby collisions of
contention channels can be prevented and the need for
re-transmission of contention data, due to collisions, is
eliminated. In FIG. 2, no collision occurs when the
number of radio resources occupied by one contention
channel is 8/2=4 or less.
[0028] The description above has shown an example
in which the subcarriers f1 to f8 are defined by FDM as
shown in FIG. 1, but this is not restrictive, and they may
be defined by OFDM as shown in FIG. 3, for example.
In OFDM, adjacent subcarriers are orthogonal to each
other and they may overlap. Information about how the
frequency bands of the subcarriers f1 to f8 are defined
is sent from the base station to mobile stations by using
a broadcast channel, for example. That is, the mobile
stations determine which frequency bands they should
use to transmit contention data, on the basis of the as-
signed priorities and the broadcast channel sent from the
base station.
[0029] FIG. 4 is a block diagram illustrating the func-
tions of a base station 100 in the radio communications
system according to this preferred embodiment. FIG. 5
is a block diagram illustrating the functions of a mobile
station 200 in the radio communications system of this
preferred embodiment.
[0030] As shown in FIG. 4, the base station 100 in-
cludes a user classification block 10, a priority assign-
ment designating block 20, a control information gener-
ating block 30, a modulator block 40, an RF block 50, an
antenna 60, a demodulator block 70, and a wired I/F 80.
As shown in FIG.5, the mobile station 200 includes an
antenna 110, an RF block 120, a demodulator block 130,
a message analyzing block 140, an application block 150,
an amount-of-data determining block 160, a radio re-
source assigning block 170, and a modulator block 180.
[0031] In the base station 100 shown in FIG. 4, the
user classification block 10 classifies individual users (i.e.
individual mobile stations 200). The priority assignment
designating block 20 determines the assignment of pri-
orities of the radio resources to the user groups A and B
classified by the user classification block 10, and pro-
vides the priority information to the control information
generating block 30. The control information generating
block 30 generates control information of a radio format
with the priority information provided from the priority as-
signment designating block 20, and inputs the control
information to the modulator block 40. The modulator
block 40 applies given modulation processing (DA con-
version etc.) to the control information inputted from the
control information generating block 30, and inputs the
control information to the RF block 50. The RF block 50
receives the control information from the modulator block
40, and the RF block 50 up-converts the control informa-
tion to a radio frequency in its built-in up-converter (not
shown in FIG. 4), and transmits it to the mobile station
200 from the antenna 60.
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[0032] In the mobile station 200 shown in FIG. 5, the
application block 150 generates application data to be
transmitted to the base station 100, such as mail, voice,
video, etc. Then, on the basis of the amount of the ap-
plication data generated in the application block 150, the
amount-of-data determining block 160 determines the
amount of contention data that is to be transmitted to the
base station 100 through a contention channel, and in-
puts the contention data to the radio resource assigning
block 170. In general, transmission of a larger amount of
data requires larger power, and therefore it is preferable,
in the mobile station 200, to define the upper limit of the
amount of transmitted data, by considering the amount
of power that can be used.
[0033] The control information transmitted from the
base station 100 is received at the antenna 110, and the
RF block 120 down-converts the control information to
an analog baseband signal, and inputs it to the demod-
ulator block 130. The demodulator block 130 applies giv-
en demodulation processing (AD conversion etc.) to the
control information inputted from the RF block 120, and
inputs it to the message analyzing block 140. The mes-
sage analyzing block 140 analyzes the control informa-
tion inputted from the demodulator block 130, extracts
the priority information, and inputs it to the radio resource
assigning block 170. Then, on the basis of the priority
information inputted from the message analyzing block
140, the radio resource assigning block 170 assigns the
contention data inputted from the amount-of-data deter-
mining block 160, to given radio resources as a conten-
tion channel, and inputs it to the modulator block 180.
The modulator block 180 applies given modulation
processing (DA conversion etc.) to the contention data
inputted from the radio resource assigning block 170,
and inputs it to the RF block 120. The RF block 120 up-
converts, to a radio frequency, the contention data input-
ted from the modulator block 180, and transmits it to the
base station 100 from the antenna 110.
[0034] In the base station 100 shown in FIG. 4, the
contention data transmitted from the mobile station 200
is received at the antenna 60, and the RF block 50 down-
converts it to an analog baseband signal in its built-in
down-converter (not shown in FIG. 4), and inputs it to the
demodulator block 70. The demodulator block 70 applies
given demodulation processing (AD conversion etc.) to
the contention data inputted from the RF block 50, and
inputs it through the wired I/F 80 to a higher-order device
that controls the base station 100.
[0035] FIG. 6 is a block diagram illustrating the function
of the demodulator block 70 in an example that uses
OFDM subcarriers as radio resources. As shown in FIG.
6, serial data inputted to a serial/parallel converter 71 is
converted to parallel data and inputted to an FFT (Fast
Fourier Transform) portion 72. The FFT portion 72 per-
forms given demodulation processing by applying FFT
to the parallel data inputted from the serial/parallel con-
verter 71, and outputs a plurality of radio resources R(1)
to R(N). The given demodulation processing is not limited

to FFT but can be DFT (Discrete Fourier Transform).
[0036] As compared with the W-CDMA method of Non-
Patent Document 1, for example, the above-described
configuration allows simplified control and thus allows
simplified device structure. That is, the mobile station 200
can remove the process of dividing a contention channel
into preamble and message sections and sending the
message section after receiving ACK for the preamble
section from the base station 100. In other words, it is
possible to omit the preamble section and form the con-
tention channel only with the message section. In the W-
CDMA method, a contention channel is divided into
RACH (preamble) and RACH (message), and the mobile
station 200 sends the RACH (message) after confirming
the availability of radio resources of the base station 100
by using the RACH (preamble).
[0037] Also, by reducing the rate of collisions of con-
tention channels, it is possible to reduce restrictions on
the timing and data in the transmission of contention data
from the mobile station 100. That is to say, delays are
reduced because data of various sizes can be transmit-
ted on the contention channels. Also, the radio resources
can be used effectively because the contention data,
which is generally of a fixed length, can be of a variable
length.
[0038] The description above has shown an example
in which a plurality of mobile stations are classified into
two kinds of user groups A and B, but this preferred em-
bodiment is applicable not only when the mobile stations
are classified into two kinds of user groups but also when
they are classified into any arbitrary number of user
groups. Now, referring to FIG. 7, the assignment of pri-
orities of subcarriers 1 to 8 to a plurality of mobile stations
200 classified into four kinds of user groups A to D will
be described.
[0039] First, the number of subcarriers that can be
used for transmission of one piece of contention data is
calculated (in other words, the number of subcarriers that
one contention channel can occupy is calculated). This
number is calculated as a quotient of (the number of sub-
carriers/the number of user groups), which is 8/4=2 in
FIG. 7.
[0040] Next, each of the user groups A to D is assigned
two subcarriers (two is the number calculated as the quo-
tient above) as the highest priorities (priorities 1 and 2).
That is, the subcarriers 1 and 2 are assigned to the user
group A as the highest priorities, the subcarriers 3 and 4
are assigned to the user group B as the highest priorities,
the subcarriers 5 and 6 are assigned to the user group
C as the highest priorities, and the subcarriers 7 and 8
are assigned to the user group D as the highest priorities.
[0041] Next, the priorities of the subcarriers 1 and 2,
which have the highest priorities in the user group A, are
determined in the user groups B to D. In this process, in
the user groups B to D, the subcarrier 1 having the rela-
tively higher priority "1" in the user group A is set as lower
priorities (6 to 8) than the priorities (3 to 5) of the subcar-
rier 2 having the relatively lower priority "2" in the user
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group A. By setting the priorities in this way, it is possible
to avoid a collision of contention channels even when
one contention channel of the user group A occupies one
subcarrier (1) and one contention channel of the user
group B occupies five subcarriers (3, 4, 6, 8, 2), for ex-
ample.
[0042] In the same way, the priorities of the subcarriers
3 and 4, having the highest priorities in the user group
B, are determined in the user groups A, C and D, the
priorities of the subcarriers 5 and 6, having the highest
priorities in the user group C, are determined in the user
groups A, B and D, and the priorities of the subcarriers
7 and 8, having the highest priorities in the user group
D, are determined in the user groups A to C.
[0043] The priorities in the user groups B to D are de-
termined according to given rules such that the priorities
are fair on the whole. In FIG. 7, the priorities of the sub-
carriers 1 and 2 are set such that they become higher in
the order of user groups B, C, D, the priorities of the
subcarriers 3 and 4 are set such that they become higher
in the order of user groups C, D, A, the priorities of the
subcarriers 5 and 6 are set such that they become higher
in the order of user groups D, A, B, and the priorities of
the subcarriers 7 and 8 are set such that they become
higher in the order of user groups A, B, C.
[0044] Thus, the user groups A to D are assigned dif-
ferent priorities according to the algorithm, so that the
contention channels will not collide even when four mo-
bile stations 200 belonging respectively to the user
groups A to D each simultaneously transmit one piece
of contention data that occupies two subcarriers, for ex-
ample.
[0045] The description above has shown examples in
which the radio resources are subcarriers as shown in
FIG. 7, i.e. examples of FDM (including OFDM), but this
preferred embodiment is applicable also to TDMA and
CDMA. That is, this preferred embodiment is applicable
to TDMA in which the subcarrier numbers of FIG. 7 are
replaced by time slot numbers, and to the CDMA in which
the subcarrier numbers are replaced by code numbers.
Alternatively, as shown in FIG. 8, a plurality of schemes
can be used in combination (FDM and CDMA in FIG. 8).
[0046] Also, the description above has shown an ex-
ample as shown in FIG. 7 in which, in an arbitrary user
group, the priorities 1 and 2 are assigned to subcarriers
that are adjacent in the frequency domain (e.g. in the
user group A, the priorities 1 and 2 are assigned respec-
tively to the subcarriers 1 and 2 that are adjacent in the
frequency domain); however, as shown in FIG. 9, for ex-
ample, the priorities 1 and 2 may be assigned to subcar-
riers that are not adjacent in the frequency domain (e.g.
in the user group A, the priorities 1 and 2 are assigned
respectively to the subcarriers 1 and 5 that are not adja-
cent in the frequency domain). In each user group, the
subcarriers that are assigned the priorities 1 and 2 are
occupied when the user group transmits one piece of
contention data, and assigning separated frequency
bands, not adjacent each other, allows effective utiliza-

tion of the multi-carrier scheme and reduction of frequen-
cy fading.
[0047] Also, the description above has shown an ex-
ample in which, as shown in FIGS. 4 and 5, the amount-
of-data determining block 160 of the mobile station 200
determines the amount of contention data to be trans-
mitted to the base station 100, on the basis of the amount
of application data generated in the application block 150.
However, this is not restrictive; for the determination of
the amount of contention data to be transmitted from the
mobile station 200 to the base station 100, the base sta-
tion 100 may measure the contention channels to check
the condition of occupancy of the contention channels
and inform the mobile station 200 about the condition in
manners as described below.
[0048] FIG. 10 is a block diagram illustrating the func-
tions of a base station 100a in the radio communications
system of this preferred embodiment. As compared with
FIG. 4, the configuration of FIG. 10 additionally includes
a contention channel measuring block 90 between the
control information generating block 30 and the demod-
ulator block 70. When contention data is inputted from
the demodulator block 70, the contention channel meas-
uring block 90 measures the communication quality etc.
of the transmission paths to check the condition of occu-
pancy, and provides occupancy information to the control
information generating block 30.
[0049] The contention channels can be measured by
the methods below. In the case of CDMA, where a plu-
rality of mobile stations 200 use a same frequency, it may
be done by measuring electric field strength (RSSI), or
by measuring the condition of use of code numbers. In
the case of TDMA, it may be done by measuring the ratio
of the number of time slots being used as contention
channels, to the total number of time slots assigned as
the contention channels, or by measuring the condition
of occupancy of time slot numbers. In the case of a multi-
carrier scheme (FDM or OFDM), it may be done by meas-
uring the ratio of the number of subcarriers being used
as contention channels, to the total number of subcarriers
assigned as the contention channels, or by measuring
the condition of occupancy of subcarrier numbers.
[0050] With the occupancy information provided from
the contention channel measuring block 90, the control
information generating block 30 generates control infor-
mation of a radio format, and inputs it to the modulator
block 40. The quality of the control information can be
enhanced by applying error correction coding or repeti-
tive transmission, as needed, when transmitting the in-
formation to the mobile station 200. Also, as to the control
information, the amount of data to be transmitted can be
reduced by representing it with closest discrete values.
[0051] Also, in the case of CDMA, the demodulation
processing in the mobile stations 200 can be facilitated
by assigning the control information to a given code that
is used in common by the mobile stations 200 using the
contention channels. Also, delay can be reduced by
transmitting the control information as Layer 1 (physical
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layer) data. Also, the demodulation processing in the mo-
bile stations 200 can be facilitated and delay can be re-
duced, in the case of TDMA, by assigning the control
information to a given time slot in place of a given code,
and by assigning the control information to a given sub-
carrier in place of a given code in the case of a multi-
carrier scheme (FDM or OFDM).
[0052] In the mobile station 200 shown in FIG. 5, the
message analyzing block 140 extracts the occupancy
information by analyzing the control information, and in-
puts it to the radio resource assigning block 170. Then,
on the basis of the occupancy information inputted from
the message analyzing block 140, the radio resource as-
signing block 170 assigns contention data, inputted from
the amount-of-data determining block 160, to given radio
resources as a contention channel.
[0053] In this process, the radio resource assigning
block 170 refers to the occupancy information and as-
signs the contention data to available radio resources,
while adjusting the amount of contention data. This low-
ers the rate of collisions of contention channels.
[0054] The amount of data can be adjusted by the
methods below. When electric field strength is given in
the case of CDMA, the maximum amount of data can be
determined by considering the receiving ability of the
base station 100. In the case of TDMA, the maximum
amount of data can be determined by considering the
ratio of the number of time slots being used as contention
channels, to the total number of time slots assigned as
the contention channels. In the case of a multi-carrier
scheme (FDM or OFDM), the maximum amount of data
can be determined by considering the ratio of the number
of subcarriers being used as contention channels, to the
total number of subcarriers assigned as the contention
channels. The rate of collisions of contention channels
can be further lowered by canceling the transmission
when the assignment to radio resources is still difficult
even after the amount of data has been adjusted.
[0055] In this way, in the radio communications system
and radio communications method according to this pre-
ferred embodiment, a plurality of subcarriers are as-
signed to a plurality of user groups in such a way that
their priorities differ. This lowers the rate of collisions of
contention channels. As compared with the W-CDMA,
this eliminates the need for dividing the contention data
into preamble and message sections, and receiving data
in time slots managed by the base station, whereby sim-
pler device configuration is enabled.
[0056] In general, when one base station and a plural-
ity of mobile stations send/receive data of various media
in radio packets, the amount of data may vary depending
on time, as with Web browsing packet data, or multiple
kinds of packets of different data sizes may be handled.
In such radio communications, frequencies are uselessly
occupied when each mobile station is assigned a given
amount of radio resource, and it is therefore preferable
to use contention channels to avoid this. In the W-CDMA,
mobile stations are always sending, with DPCCH, a sig-

nal made of a preamble section for optimization of de-
modulation and transmission power, but this preferred
embodiment eliminates the need for transmission of such
a signal and reduces power used in the mobile stations.
[0057] The description above has shown examples
that use a multi-carrier scheme (FDM or OFDM), CDMA,
or TDMA alone, but they may be used in combination, in
which case the above-described methods are used in
combination.
[0058] Also, the above-described way of setting the
priorities of radio resources assigned to user groups is
applicable not only when the base station 100 uses a
multi-carrier scheme but also when the mobile stations
200 use a multi-carrier scheme (which applies also to the
second and following preferred embodiments).
[0059] Also, the description above has illustrated the
assignment of radio resource priorities for contention
channels, but the preferred embodiment is applicable not
only to contention channels but also to channels of other
kinds (which applies also to the second and following
preferred embodiments).

(Second Preferred Embodiment)

[0060] In general, the subcarriers in a multi-carrier
scheme (FDM or OFDM) have a transmission path char-
acteristic that depends on frequency. The transmission
path characteristic may therefore be considered when
assigning the subcarriers as radio resources.
[0061] FIG. 11 is a diagram illustrating the assignment
of subcarriers in a radio communications system accord-
ing to a second preferred embodiment. In FIG. 11, the
bands 310 and 330 have high communication quality (re-
ceiving sensitivity), and the band 320 has low communi-
cation quality. In this case, the quality of communications
can be enhanced by preferentially using the bands 310
and 330 as radio resources, than using the band 320 (by
assigning the series of subcarriers 340 and the series of
subcarriers 350). In this specification, an arrangement of
a plurality of subcarriers at equal intervals in the frequen-
cy domain is referred to (simply) as a series of subcarri-
ers.
[0062] The transmission path characteristic can be es-
timated, in the base station 100, by measuring the com-
munication quality with an average value of all contention
channels received from mobile stations 200 for each
band of a given width, for example. Alternatively, in a
synchronous detection (sub-synchronous detection)
system, for example, the transmission path characteristic
can be estimated, in the base station 100, by using a
carrier wave reproduction circuit to obtain a phase differ-
ence between a known sequential signal (e.g. Pilot signal
in W-CDMA) contained in the contention data and the
known sequential signal which is actually measured. The
transmission path characteristic is reported from the base
station 100 to the mobile stations 200. Now, referring to
FIGS. 5 and 10, the assignment of subcarriers of this
preferred embodiment will be described.
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[0063] In the base station 100a shown in FIG. 10, the
contention channel measuring block 90 measures the
quality, e.g. by measuring electric field strength as de-
scribed earlier, with the contention data inputted from the
demodulator block 70. Then, according to the measure-
ments, the quality of each band can be measured by
obtaining an average for each band of a given width. The
measured quality of each band is provided to the control
information generating block 30 as quality information.
[0064] Receiving the quality information from the con-
tention channel measuring block 90, the control informa-
tion generating block 30 provides the quality information
to the priority assignment designating block 20. Then, on
the basis of the quality information provided from the con-
trol information generating block 30, the priority assign-
ment designating block 20 determines the assignment
of priorities of the radio resources to the user groups,
only in the bands 310 and 330 of high communication
quality, and provides the priority information to the control
information generating block 30.
[0065] In the mobile station 200 shown in FIG. 5, in the
manner described in the first preferred embodiment, the
radio resource assigning block 170 receives the priority
information from the message analyzing block 140, as-
signs the contention data from the amount-of-data deter-
mining block 160 to given radio resources as a contention
channel, and inputs it to the modulator block 180. The
modulator block 180 applies given modulation process-
ing (DA conversion etc.) to the contention data inputted
from the radio resource assigning block 170, and inputs
it to the RF block 120. The RF block 120 receives the
contention data inputted from the modulator block 180,
up-converts the contention data to a radio frequency, and
transmits it to the base station 100 from the antenna 110.
[0066] The description above has shown an example
in which the base station 100a determines the priorities
on the basis of the communication quality of each band,
and sends it as priority information to the mobile station
200; however, this is not restrictive, and the base station
100a may send only the quality information, as the quality
of communication measured for each band, to the mobile
station 200, for example. In this case, on the basis of the
quality information received, the mobile station 200 will
transmit the contention data by using the bands 310 and
330 only.
[0067] FIG. 12 is a diagram illustrating the assignment
of subcarriers in the radio communications system of this
preferred embodiment. In FIG. 12, nine subcarriers 1 to
9 are assigned to three kinds of user groups A to C. The
subcarriers 1 to 3 belong to the band 310 of high com-
munication quality, the subcarriers 4 to 6 belong to the
band 320 of low communication quality, and the subcar-
riers 7 to 9 belong to the band 330 of high communication
quality. In this case, as shown in FIG. 12, the subcarriers
1 to 3 and 7 to 9 are assigned relatively high priorities 1
to 6, and the subcarriers 4 to 6 are assigned relatively
low priorities 7 to 9. Then, in each of the bands of high
communication quality (subcarriers 310, 330) and in the

band of low communication quality (subcarriers 320), the
priorities for the user groups A to C are determined ac-
cording to given rules, as shown in FIG. 7, such that the
priorities are fair on the whole.
[0068] Thus, the priorities are assigned according to
the above-described algorithm such that the priorities dif-
fer among the user groups A to C, whereby collisions of
contention channels are prevented even when three mo-
bile stations 200 belonging respectively to the user
groups A to C simultaneously transmit contention data,
as long as the transmission of one piece of contention
data uses two or less subcarriers (in other words, when
one contention channel occupies two or less subcarri-
ers), for example. In this case, no collision of contention
channels occurs when the user A uses three subcarriers
for the transmission of one piece of contention data, the
user B uses two subcarriers, and the user C uses one
subcarrier. Also, in this case, when the user A uses three
subcarriers for the transmission of one piece of conten-
tion data, the user B uses two subcarriers, and the user
C uses two subcarriers, then a collision of contention
channels occurs on the subcarrier 9 between the con-
tention channels of the user A and the user C.
[0069] FIG. 13 shows an assignment of subcarriers, in
a situation like that of FIG. 12, where the quality of com-
munication differs not only depending on frequency but
also on user group. In FIG. 13, at the subcarriers 1 to 3
(i.e. in the band 310), the user groups A and C have high
communication quality and the user group B has low com-
munication quality, and at the subcarriers 4 to 6 (i.e. in
the band 320), the user group B has high communication
quality and the user groups A and C have low commu-
nication quality, and at the subcarriers 7 to 9 (i.e. in the
band 330), the user groups A to C have high communi-
cation quality. In this case, as shown in FIG. 13, at the
subcarriers 4 to 6, the priorities of the user group B are
set relatively high as 1 to 3, and the priorities of the user
groups A and C are set relatively low as 7 to 9; at the
subcarriers 1 to 3, the priorities of the user group B are
set relatively low as 7 to 9. Then, in the bands 310 and
330 where the user groups A and C have high commu-
nication quality, and in the band 320 where the user
groups A and C have low communication quality, the pri-
orities of the user groups A to C are determined according
to given rules, as shown in FIG. 7, in such a way that the
priorities are fair on the whole.
[0070] Thus, the priorities are assigned according to
the algorithm as shown above in such a way that the
priorities differ among the user groups A to C, whereby
collisions of contention channels are prevented when
three mobile stations 200 belonging respectively to the
user groups A to C simultaneously transmit contention
data, as long as the transmission of one piece of conten-
tion data uses three or less subcarriers (in other words,
as long as one contention channel occupies three or less
radio resources), for example.
[0071] The description above has illustrated an exam-
ple in which, as shown in FIG. 10, the quality of each
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band is measured by obtaining an average for each band
of a given width. However, this is not restrictive, and the
quality of communication can be measured for each sub-
carrier, for example.
[0072] FIG. 14 is a block diagram illustrating the func-
tions of a base station 100b that uses OFDM subcarriers
as radio resources. As compared with FIG. 10, the con-
figuration of FIG. 14 includes a transmission path esti-
mating block 91 and a radio resource assigning block 92
between the demodulator block 70 and the modulator
block 40 (for the sake of convenience, some parts are
not shown).
[0073] In FIG. 14, the RF block 50 includes a down-
converter 51 for down-converting the contention data re-
ceived at the antenna 60 into an analog baseband signal,
and inputting it to the demodulator block 70, and an up-
converter 52 for up-converting the control information in-
putted from the modulator block 40 to a radio frequency,
and transmitting it from the antenna 60.
[0074] The demodulator block 70 includes an AD con-
verter (not shown) for converting the analog data from
the RF block 50 into digital data (serial data), a serial/
parallel converter 71 for converting the serial data from
the AD converter into parallel data, and an FFT portion
72 for performing given demodulation processing by ap-
plying FFT to the parallel data from the serial/parallel
converter 71, and outputting a plurality of radio resources
R(1) to R(N). Also, the modulator block 40 includes an
IFFT portion 42 for performing given modulation process-
ing by applying IFFT (Inverse Fast Fourier Transform) to
a plurality of radio resources R(1) to R(N) outputted from
the radio resource assigning block 92, and outputting
them as parallel data, a serial/parallel converter 41 for
converting the parallel data outputted from the IFFT por-
tion 42 to output serial data, and a DA converter (not
shown) for converting the serial data (digital data) from
the serial/parallel converter 41 into analog data. The giv-
en modulation processing is not limited to IFFT, but it can
be IDFT (Inverse Discrete Fourier Transform). Also, the
given demodulation processing is not limited to FFT, but
it can be DFT.
[0075] The FFT portion 72 performs OFDM demodu-
lation processing by applying FFT to the parallel data
inputted from the serial/parallel converter 71, and it out-
puts a plurality of radio resources R(1) to R(N). The radio
resources R(1) to R(N) outputted from the FFT portion
72 are inputted to the transmission path estimating block
91. The transmission path estimating block 91 estimates
the transmission path characteristic of each subcarrier
from the inputted radio resources R(1) to R(N), and in-
forms the radio resource assigning block 92 about the
characteristic. As mentioned earlier, this estimation of
transmission path characteristic is achieved, for exam-
ple, by obtaining a phase difference with a known se-
quential signal. Then, on the basis of the transmission
path characteristic of each subcarrier provided from the
transmission path estimating block 91, the radio resource
assigning block 92 assigns the radio resources as shown

in FIGS. 12 and 13, for example.
[0076] FIG. 15 is a flowchart illustrating the operation
of the base station 100b shown in FIG. 14.
[0077] In step S1, the priorities of the subcarriers are
determined, without considering the propagating path
characteristic that depends on frequency as described
with FIG. 12, and without considering the transmission
path characteristic that differs among user groups as de-
scribed with FIG. 13. Thus, the priorities of the subcarriers
are determined as shown in FIG. 7, for example. The flow
then moves to step S2.
[0078] In step S2, a check is made to see whether mul-
tiple pieces of contention data collide on a same subcar-
rier when the pieces of contention data are transmitted
with the priorities determined in step S 1. When a collision
occurs, it is necessary to modify the priorities determined
in step S1, and so the flow moves to step S3; when no
collision occurs, it is not necessary to modify the priorities
determined in step S1, and so the operation is ended.
[0079] In step S3, subcarriers that caused no collision
in step S2 are excluded, and the priorities of subcarriers
are determined by considering the transmission path
characteristic that differs depending on frequency as de-
scribed with FIG. 12, without considering the transmis-
sion path characteristic that differs among the user
groups as described with FIG. 13. That is, the radio re-
source assigning block 92 divides the band of all subcar-
riers into three bands 310 to 330, and sets relatively high
priorities in the bands 310 to 330 of higher communication
quality, and sets relatively low priorities in the band 320
of lower communication quality. Then, when the data to
be transmitted is serial data, the radio resource assigning
block 92 converts it to parallel data (it does not convert
data when the data to be transmitted is parallel data),
and inputs it to the IFFT portion 42. Thus, the priorities
of the subcarriers are determined as shown in FIG. 12.
The flow then moves to step S4.
[0080] In step S4, a check is made to see whether mul-
tiple pieces of contention data collide on a same subcar-
rier when the pieces of contention data are transmitted
with the priorities determined in step S3. When a collision
occurs, it is necessary to modify the priorities determined
in step S3, and so the flow moves to step S5; when no
collision occurs, it is not necessary to modify the priorities
determined in step S3, and so the operation is ended.
[0081] In step S5, subcarriers that caused no collision
in step S4 are excluded, and the priorities of subcarriers
are determined by considering both of the frequency-de-
pendent transmission path characteristic as described
with FIG. 12 and the user-group-dependent transmission
path characteristic as described with FIG. 13. That is, the
communication quality of each subcarrier is measured;
then, for example, when a user group that is assigned
the priority 1 in a certain band fails to demodulate con-
tention data when no collision of contention channels oc-
curs, then the priorities are changed such that the user
group is assigned the priority 1 for a subcarrier in another
band. Also, in order to measure the user-group-depend-

15 16 



EP 1 940 059 A1

10

5

10

15

20

25

30

35

40

45

50

55

ent transmission path characteristic, the user groups A
to C transmit part of contention data also in the band 320
in which the communication quality was judged to be low
in step S3 (i.e. in FIG. 12). For example, the user groups
A, B and C transmit contention data respectively on the
subcarriers f4, f5 and f6 at which the user groups A, B
and C have the highest priorities in the band 320. This
processing is repeated, so as to change the subcarrier
priorities to those as shown in FIG. 13. Also, when some
contention channels collide, the priorities as shown in
FIG. 12 can be changed to the priorities as shown in FIG.
13, by estimating the transmission paths of subcarriers
that did not collide, and by measuring the communication
quality for each band and for each user group. Then the
flow moves to step S4.
[0082] The assignment is achieved according to the
algorithm described above, whereby proper priorities are
assigned to the subcarriers by considering the transmis-
sion path characteristics that differ among frequencies
and among user groups.
[0083] Thus, the radio communications system and ra-
dio communications method of this preferred embodi-
ment achieve appropriate assignment of subcarriers by
considering transmission path characteristics that differ
among frequencies and among user groups, whereby
collisions of contention channels can be reduced easily.

(Third Preferred Embodiment)

[0084] The subcarriers used as radio resources may
be designated by their subcarrier numbers that are allo-
cated to a plurality of subcarriers arranged at equal in-
tervals in the frequency domain (a series of subcarriers)
in ascending order from the lowest frequency to the high-
est frequency, or they can be designated by subcarrier
allocation information including given parameters, etc.
[0085] FIG. 16 is a block diagram illustrating the func-
tions of a base station 100c in a radio communications
system according to a third preferred embodiment. As
compared with FIG. 4, the configuration of FIG. 16 in-
cludes a subcarrier allocation information storing block
93 that inputs the subcarrier allocation information to the
modulation block 40 (some parts are not shown for the
sake of convenience). The subcarrier allocation informa-
tion storing block 93 stores subcarrier allocation informa-
tion that contains given parameters etc. for designating
the subcarriers used as radio resources. The subcarrier
allocation information inputted from the subcarrier allo-
cation information storing block 93 is subjected to given
modulation processing in the modulator block 40 and in-
putted to the RF block 50. Receiving the subcarrier allo-
cation information from the modulator block 40, the RF
block 50 up-converts it to a radio frequency in its built-in
up-converter (not shown in FIG. 16), and transmits it to
the mobile station 200 from the antenna 60.
[0086] In the mobile station 200 shown in FIG. 5, the
subcarrier allocation information sent from the base sta-
tion 100c is received at the antenna 110, and the RF

block 120 down-converts it to an analog baseband signal
and inputs it to the demodulator block 130. The demod-
ulator block 130 applies given demodulation processing
(AD conversion etc.) to the subcarrier allocation informa-
tion inputted from the RF block 120, and inputs it to the
message analyzing block 140. The message analyzing
block 140 analyzes the subcarrier allocation information
inputted from the demodulator block 130, and extracts
the given parameters etc. contained in the subcarrier al-
location information. Then, on the basis of the given pa-
rameters etc., it extracts the subcarrier numbers to be
used as radio resources, and inputs it to the radio re-
source assigning block 170. As shown in FIG. 17, the
subcarrier allocation information may use a control chan-
nel that accompanies the data channel. That is, the I-ch
is used as a data channel for accommodating broadcast
information (which is received from the base station 100
when the mobile station 200 is in a waiting state), syn-
chronization information, etc, while the Q-ch is used as
a control channel for accommodating the subcarrier al-
location information etc. This is similar to using the I-ch
as DPDCH and the Q-ch as DPCCH when the I-ch is
used as a data channel in W-CDMA. However, this is not
restrictive, and the subcarrier allocation information may
be accommodated in the I-ch as broadcast information.
[0087] FIG. 18 is a diagram illustrating a first example
of the designation of subcarriers in the radio communi-
cations system of this preferred embodiment.
[0088] In FIG. 18, the subcarrier allocation information
includes the first subcarrier number Sa=1 (which can be
a frequency), the total number of subcarriers Sb=8, the
interval between adjacent subcarriers Sc=4 (which can
be a difference of subcarrier numbers or a bandwidth),
and an operational expression S=Sa+Scxn (n=0 to (Sb-
1)). By using the parameters and operational expression,
the message analyzing block 140 of the mobile station
200 obtains subcarrier numbers S=1+4xn (n=0 to 7)=1,
5, 9, 13, 17, 21, 25,29.
[0089] That is, in FIG. 18, the subcarriers f1 to f32 form
a series of subcarriers of the present invention. Also, the
subcarriers f1, f5, f17, f13, f17, f21, f25, f29 are resource
subcarriers of the present invention, and they form a se-
ries of resource subcarriers.
[0090] When the interval Sc is described in terms of
bandwidth, in FIG. 18, for example, when the time dis-
tance between the subcarrier f1 and the subcarrier f2 is
1/2 of symbol time Ts (i.e. when the time distance is Ts/
2), the interval Sc expressed in terms of bandwidth is (1/
(Ts/2))/4=1/(2Ts). Also, when Sa=2 is set under the
above-described conditions, the subcarrier numbers
S=2+4xn (n=0 to 7)=2, 6, 10, 14, 18, 22, 26, 30 are ob-
tained. Other subcarrier numbers can be obtained in the
same way by setting Sa=3 or Sa=4.
[0091] In the designation of radio resources of the first
example shown in FIG. 18, when the subcarriers are as-
signed to four kinds of user groups, it is possible to pre-
vent collisions of contention channels by respectively as-
signing the subcarriers corresponding to Sa=1 , 2, 3, 4.
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When there are five or more kinds of user groups, it is
possible to reduce the collisions of contention channels
by setting the priorities of assignment of subcarriers as
described in the first preferred embodiment. That is, for
example, S=1, 5, 9, 13, 17, 21, 25, 29 shown in FIG. 18
are substituted for S=1 to 8 shown in FIG. 5.
[0092] In the designation of radio resources of the first
example, the subcarriers used as radio resources are
designated not by the subcarrier numbers but by the sub-
carrier allocation information including given parameters
etc., whereby the amount of information can be reduced.
For example, when the subcarriers of FIG. 18 are des-
ignated by the subcarrier numbers, eight pieces of infor-
mation are needed (S=1, S=5, S=9, S=13, S=17, S=21,
S=25, S=29), but only three pieces of information (Sa=1,
Sb=8, Sc=4) are needed when the subcarriers are des-
ignated by the subcarrier allocation information. It is thus
possible to reduce the amount of data to be transmitted
from the base station 100 to the mobile station 200.
[0093] FIG. 19 is a diagram illustrating a second ex-
ample of the designation of radio resources in the radio
communications system of this preferred embodiment.
[0094] In FIG. 19, the subcarrier allocation information
is composed of the first subcarrier number Sa=1 (which
can be a frequency), the total number of subcarriers
Sb=5, and an operational expression S=n2 (n=Sa to Sa+
(Sb-1)). By using these parameters and operational ex-
pression, the message analyzing block 140 of the mobile
station 200 obtains the subcarrier numbers S=n2 (n=1 to
5)=1, 4, 9, 16, 2.5. The second example performs the
same operation as the first example, except for the pa-
rameters and operational expression, and offers the
same effects. Also, in the second example, as in the first
example, collisions of contention channels can be re-
duced by setting the priorities of assignment of subcar-
riers.
[0095] FIG. 20 is a diagram illustrating a third example
of the designation of radio resources in the radio com-
munications system of this preferred embodiment. The
third example is characterized in that the subcarriers are
composed of a plurality of sets, in a situation like that of
the first example.
[0096] In FIG. 20, the subcarriers include a fist set that
includes S=1, 5, 9, 13 and a second set that includes
S=26, 28, 30, 32. Accordingly, the subcarrier allocation
information about the first set is composed of the first
subcarrier number Sa1=1, the total number of subcarriers
Sb1=4, the interval between adjacent subcarriers Sc1=4,
and an operational expression S1=Sa1+Sc1�n (n=0 to
(Sb1-1)), and that about the second set is composed of
the first subcarrier number Sa2=26, the total number of
subcarriers Sb2=4, the interval between adjacent sub-
carriers Sc2=2, and an operational expression
S2=Sa2+Sc2�n (n=0 to (Sb2-1)). The third example per-
forms the same operation and offers the same effects as
the first example, except for the fact that the subcarriers
are formed of a plurality of sets. It is possible also in the
third example, as in the first example, to reduce collisions

of contention channels by setting the priorities of assign-
ment of subcarriers. That is, S=1, 5, 9, 13, 26, 28, 30, 32
shown in FIG. 20 are substituted for S=1 to 8 shown in
FIG.5, for example.
[0097] That is, in FIG. 20, the subcarriers f1 to f32 form
a series of subcarriers of the present invention. The sub-
carriers f1, f5, f9, f13, f26, f28, f30, f32 are resource sub-
carriers of the invention, and form a series of resource
subcarriers. Also, the subcarriers f1, f5, f9, f13, and the
subcarriers f26, f28, f30, f32, each form a first series of
resource subcarriers of the invention.
[0098] The description above has shown an example
in which the number of sets is two and the first set and
the second set are separated apart from each other. How-
ever, the number of sets is not limited to two, but it can
be three or more, and the sets may overlap each other.
It is thus possible to designate a more variety of series
of subcarriers with operational expressions.
[0099] =7
When the frequency band required by a series of re-
source subcarriers is large (when there is a large differ-
ence between the highest frequency and the lowest fre-
quency of all resource subcarriers contained in a series
of resource subcarriers), then the possibility of occur-
rence of multi-path fading becomes higher; in this case,
the influence of multi-path fading can be reduced by nar-
rowing the frequency band of each set, by increasing the
number of sets and reducing the number of subcarriers
of each set.
[0100] Also, when the frequency of a series of subcar-
riers is high (when the average frequency of all resource
subcarriers contained in a series of resource subcarriers
is high), then the frequency of occurrence of multi-path
fading becomes higher at a same moving speed; in this
case, too, the influence of multi-path fading can be re-
duced by narrowing the frequency band of each set, by
increasing the number of sets and reducing the number
of subcarriers of each set.
[0101] Also, when the subcarriers in a series of sub-
carriers are recognized as being irregularly arranged
when they are designated by the subcarrier numbers,
they can be divided into a plurality of sets that conform
to given rules (operational expressions) so that each set
can be recognized as being regularly arranged and FFT
or IFFT can be applied collectively. This facilitates
processing.
[0102] The description above has shown examples in
which all subcarriers are designated by an operational
expression or expressions (i.e. by the subcarrier alloca-
tion information), but only part of a series of subcarriers
may be designated by the subcarrier allocation informa-
tion, with the remaining ones designated by their subcar-
rier numbers.
[0103] In this way, in the radio communications system
and radio communications method of this preferred em-
bodiment, the subcarriers to be used as radio resources
are designated not by the subcarrier numbers but by sub-
carrier allocation information that contains given param-
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eters etc. This reduces the amount of information to be
transmitted about the combination of assigned radio re-
sources. This reduces the amount of data to be transmit-
ted from the base station 100 to the mobile station 200.
[0104] The description above has shown examples in
which the subcarrier numbers are announced from the
base station 100 to the mobile station 200, but this is not
restrictive and this preferred embodiment is applicable
also when the subcarrier numbers are announced from
the mobile station 200 to the base station 100.
[0105] The operational expressions used in this pre-
ferred embodiment are not limited to those described
above, but they can be any expressions that can repre-
sent the subcarrier numbers of a series of subcarriers
used as radio resources.

(Fourth Preferred Embodiment)

[0106] The subcarriers to be used as radio resources
may all have an equal bandwidth, or part of them may
have a different bandwidth.
[0107] FIG. 21 is a diagram illustrating the designation
of subcarriers in a radio communications system accord-
ing to a fourth preferred embodiment.
[0108] As shown in FIG. 21, the subcarriers f1 to f26
are divided into a first set of subcarriers f1 to f14 having
a relatively narrow bandwidth, a second set of subcarriers
f15 to f18 having a relatively wide bandwidth, and a third
set of subcarriers f19 to f26 having a relatively narrow
bandwidth. Individual subcarriers in each set have the
same bandwidth. The bandwidth of the subcarriers f1 to
f14 and the bandwidth of the subcarriers f19 to f26 may
be equal or different. In FIG. 21, the subcarriers f1, f5,
f9, f13 in the first set of subcarriers f1 to f14 are used as
radio resources, all subcarriers f15 to f18 in the second
set of subcarriers f15 to f18 are used as radio resources,
and the subcarriers f20, f22, f24, f26 in the third set of
subcarriers f19 to f26 are used as radio resources.
[0109] That is, in FIG. 21, for example, the subcarriers
f1, f5, f9, f13, and the subcarriers f20, f22, f24, f26, each
form a second series of resource subcarriers of the
present invention, and the subcarriers f15 to f18 form a
third series of resource subcarriers of the present inven-
tion.
[0110] FIG. 22 is a block diagram illustrating the func-
tions of a base station 100d in the radio communications
system of the fourth preferred embodiment. As compared
with FIG. 4, the configuration of FIG. 22 includes a sub-
carrier dividing information storing block 94 for providing
subcarrier dividing information to the control information
generating block 30, and FIG. 22 shows the function of
the demodulator block 70 in more detail (some parts are
not shown for the sake of convenience). In FIG. 22, the
demodulator block 70 includes an AD converter not
shown, one serial/parallel converter 71 connected to the
AD converter, and three FFT portions 72a, 72b and 72c
connected to the serial/parallel converter 71. The sub-
carrier dividing information storing block 94 stores sub-

carrier dividing information for dividing the subcarriers
used as radio resources into a plurality of sets. The sub-
carrier dividing information includes the bandwidth of
subcarriers of each set, the first subcarrier number of
each set, and the total number of subcarriers of each set.
The control information generating block 30 generates
control information of a radio format with the subcarrier
dividing information inputted from the subcarrier dividing
information storing block 94, and inputs it to the modulator
block 40. The modulator block 40 applies given modula-
tion processing to the control information inputted from
the control information generating block 30, and inputs
it to the RF block 50. The RF block 50 receives the control
information from the modulator block 40, up-converts it
to a radio frequency in its built-in up-converter (not shown
in FIG. 22), and transmits it to the mobile station 200 from
the antenna 60.
[0111] In the mobile station 200 shown in FIG. 5, the
control information sent from the base station 100 is re-
ceived at the antenna 110, and the RF block 120 down-
converts it to an analog baseband signal, and inputs it to
the demodulator block 130. The demodulator block 130
applies given demodulation processing (AD conversion
etc.) to the control information inputted from the RF block
120, and inputs it to the message analyzing block 140.
The message analyzing block 140 analyzes the control
information inputted from the demodulator block 130, and
extracts the subcarrier dividing information; then, by us-
ing a method as described in the third preferred embod-
iment, the message analyzing block 140 generates sec-
ond subcarrier dividing information that contains the sub-
carrier numbers used as radio resources among the sub-
carriers f1 to f26 and the bandwidths of the first to third
sets, and inputs the second subcarrier dividing informa-
tion to the radio resource assigning block 170. Then, on
the basis of the second subcarrier dividing information
inputted from the message analyzing block 140, the radio
resource assigning block 170 assigns the contention da-
ta, inputted from the amount-of-data determining block
160, to given subcarriers as a contention channel, and
inputs it to the modulator block 180. The modulator block
180 applies given modulation processing (DA conversion
etc.) to the contention data inputted from the radio re-
source assigning block 170, and inputs it to the RF block
120. The RF block 120 receives the contention data in-
putted from the modulator block 180, up-converts it to a
radio frequency, and transmits it to the base station 100
from the antenna 110.
[0112] In the base station 100d shown in FIG. 22, the
contention data sent from the mobile station 200 is re-
ceived at the antenna 60, and the RF block 50 down-
converts it to an analog baseband signal in its built-in
down-converter (not shown in FIG. 22), and inputs it to
the demodulator block 70. The demodulator block 70,
having an AD converter not shown, applies given demod-
ulation processing (AD conversion etc.) to the contention
data inputted from the RF block 50 so as to convert it to
digital data (serial data), and it is inputted to the serial/
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parallel converter 71. Then, on the basis of the second
subcarrier dividing information, the serial/parallel con-
verter 71 provides the contention data related to the first
set of subcarriers f1, f5, f9, f13 to the FFT portion 72a,
provides the contention data related to the second set of
subcarriers f15 to f18 to the FFT portion 72b, and pro-
vides the contention data related to the third set of sub-
carriers f20, f22, f24, f26 to the FFT portion 72c.
[0113] In general, with a wide bandwidth, it is possible
to alleviate interference from other base stations by slow-
ing signal transmission rate and lowering coding rate.
Accordingly, the bandwidth can be enlarged, like that of
the subcarriers f15 to f18, in a frequency band that suffers
from serious interference from other base stations.
[0114] Also, the subcarrier f14 located at the boundary
between the first set and the second set, and the sub-
carrier f19 located at the boundary between the second
set and the third set, are not used as radio resources,
whereby center frequency differences are provided be-
tween the sets of different frequencies. This reduces in-
terference between the sets.
[0115] The description above has illustrated a scheme
in which, with the subcarriers f15 to f18 having a wider
bandwidth, the signal transmission rate is slowed and
the coding rate is reduced to alleviate interference from
other base stations, but this is not restrictive, and the
spreading factor may be increased, or the modulation
rate may be reduced.
[0116] FIG. 23 is a block diagram illustrating the func-
tions of a demodulator block 70a in a case in which OFDM
subcarriers are used as radio resources. FIG. 23 illus-
trates the demodulator block 70 of FIG. 22 with de-
spreading portions 73a to 73c connected respectively to
the FFT portions 72a to 72c (for the sake of convenience,
some parts are not shown). Increasing the spreading fac-
tor is lengthening the spread codes for the multiplication
in the de-spreading portions 73a to 73c; accordingly, on
the basis of the second subcarrier dividing information,
the spread code is shortened in the de-spreading por-
tions 73a corresponding to the narrower-band subcarri-
ers f1, f5, f9, f13, the spread code is lengthened in the
de-spreading portions 73b corresponding to the wider-
band subcarriers f15 to f18, and the spread code is
lengthened in the de-spreading portions 73c correspond-
ing to the narrower-band subcarriers f20, f22, f24, f26.
The spreading factors for the de-spreading portions 73a
to 73c are announced to the mobile station 200 from the
base station 100 through a broadcast channel, for exam-
ple. After receiving the spreading factors and the subcar-
rier dividing information, the mobile station 200 performs
OFDM transmission of contention channels to the base
station 100 on the basis of the notification.
[0117] In FIG. 2.3, as in FIG. 22, on the basis of the
second subcarrier dividing information, the serial/parallel
converter 71 provides the contention data related to the
first set of subcarriers f1, f5, f9, f13 to the FFT portion
72a, provides the contention data related to the second
set of subcarriers f15 to f18 to the FFT portion 72b, and

provides the contention data related to the third set of
subcarriers f20, f22, f24, f26 to the FFT portion 72c. Thus,
the subcarrier f14 located at the boundary between the
first set and the second set, and the subcarrier f19 located
at the boundary between the second set and the third
set, are not used as radio resources, whereby interfer-
ence between the individual sets is reduced. Also, the
signal transmission rate in a frequency band that suffers
serious interference can be slowed, whereby interfer-
ence from other base stations is alleviated.
[0118] In this way, according to the radio communica-
tions system and the radio communications method of
this preferred embodiment, a series of subcarriers is di-
vided into a plurality of sets according to their bandwidths.
Thus, it is possible to perform communication with re-
duced interference even between one base station 100
and a plurality of mobile stations 200 using different band-
widths, by enlarging the bandwidth, and reducing the
coding rate or increasing the spreading factor, in a fre-
quency band that suffers serious interference from other
base stations. This makes it possible to reduce the
number of transmissions of the amount of data of the
preamble signal, e.g. the Pilot signal, that is sent to meas-
ure phase shift caused by interference. This allows re-
duction of power used. Also, it is possible to use a com-
bination of different OFDM schemes that use subcarriers
of different bandwidths.
[0119] In this preferred embodiment, as in the first pre-
ferred embodiment, it is possible to reduce the collisions
of contention channels by setting the priorities of assign-
ment of subcarriers.
[0120] While the invention has been described in de-
tail, the foregoing description is in all aspects illustrative
and not restrictive. It is understood that numerous other
modifications and variations can be devised without de-
parting from the scope of the invention.

Claims

1. A radio communications system capable of perform-
ing a plurality of radio communications by using a
plurality of radio resources, wherein said radio re-
sources are assigned in different orders between
one said radio communication and another one radio
communication.

2. A radio communications system capable of perform-
ing a plurality of radio communications by using a
plurality of subcarriers, wherein, among said plurality
of subcarriers, a subcarrier having a relatively high
communication quality is preferentially used as said
subcarrier used for one said radio communication.

3. A radio communications system capable of perform-
ing a plurality of radio communications by using a
series of subcarriers in which a plurality of subcarri-
ers are arranged in the frequency domain,
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wherein, in said series of subcarriers, a series of re-
source subcarriers, in which resource subcarriers
used as radio resources in one said radio commu-
nication are arranged in the frequency domain, is
designated on the basis of a group of given param-
eters and a given operational expression.

4. The radio communications system according to
claim 3,
wherein said group of given parameters includes an
interval between said resource subcarriers that are
adjacent to each other in the frequency domain, and
said operational expression is represented as a lin-
ear expression of said interval.

5. The radio communications system according to
claim 3, wherein said operational expression is rep-
resented as a quadratic expression of subcarrier
numbers that are assigned to said series of subcar-
riers in ascending order from a low frequency to a
high frequency.

6. The radio communications system according to any
of claims 3 to 5,
wherein said series of resource subcarriers includes
plural sets of first series of resource subcarriers.

7. The radio communications system according to
claim 6, wherein the number of said plural sets of
first series of resource subcarriers is determined ac-
cording to a highest frequency and a lowest frequen-
cy of said series of resource subcarriers.

8. The radio communications system according to
claim 6, wherein the number of said plural sets of
first series of resource subcarriers is determined ac-
cording to an average frequency of said series of
resource subcarriers.

9. The radio communications system according to
claim 6, wherein said plurality of first series of re-
source subcarriers include a second series of re-
source subcarriers and a third series of resource
subcarriers in which bandwidths of subcarriers are
different from each other.

10. A radio communications system capable of perform-
ing a plurality of radio communications by using a
series of subcarriers in which a plurality of subcarri-
ers are arranged in the frequency domain,
wherein, in said series of subcarriers, a series of re-
source subcarriers, in which resource subcarriers
used as radio resources for one said radio commu-
nication are arranged in the frequency domain, in-
cludes a second series of resource subcarriers and
a third series of resource subcarriers in which band-
widths of subcarriers are different from each other.

11. The radio communications system according to
claim 10, wherein one of said second series of re-
source subcarriers and said third series of resource
subcarriers that has a wider bandwidth is allocated
to a band that suffers larger interference from anoth-
er radio communications system.

12. The radio communications system according to
claim 11, wherein the one of said second series of
resource subcarriers and said third series of re-
source subcarriers that has a wider bandwidth is cod-
ed with a lower coding rate.

13. The radio communications system according to
claim 11, wherein the one of said second series of
resource subcarriers and said third series of re-
source subcarriers that has a wider bandwidth is
modulated with a lower modulation rate.

14. The radio communications system according to
claim 11, wherein the one of said second series of
resource subcarriers and said third series of re-
source subcarriers that has a wider bandwidth is
spectrum-spread with a higher spreading factor.

15. The radio communications system according to any
of claims 10 to 14,
wherein said second series of resource subcarriers
and said third resource subcarriers are adjacent to
each other in the frequency domain, and
a band where no said resource subcarrier is allocat-
ed is provided at a boundary between said second
series of resource subcarriers and said third series
of resource subcarriers.

16. A radio communications method capable of perform-
ing a plurality of radio communications by using a
plurality of radio resources, wherein said radio re-
sources are assigned in different orders between
one said radio communication and another one radio
communication.

17. A radio communications method capable of perform-
ing a plurality of radio communications by using a
plurality of subcarriers, wherein, among said plurality
of subcarriers, a subcarrier having a relatively high
communication quality is preferentially used as said
subcarrier used for one said radio communication.

18. A radio communications method capable of perform-
ing a plurality of radio communications by using a
series of subcarriers in which a plurality of subcarri-
ers are arranged in the frequency domain,
wherein, in said series of subcarriers, a series of re-
source subcarriers, in which resource subcarriers
used as radio resources in one said radio commu-
nication are arranged in the frequency domain, is
designated on the basis of a group of given param-
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eters and a given operational expression.

19. A radio communications method capable of perform-
ing a plurality of radio communications by using a
series of subcarriers in which a plurality of subcarri-
ers are arranged in the frequency domain,
wherein, in said series of subcarriers, a series of re-
source subcarriers, in which resource subcarriers
used as radio resources for one said radio commu-
nication are arranged in the frequency domain, in-
cludes a second series of resource subcarriers and
a third series of resource subcarriers in which band-
widths of subcarriers are different from each other.
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